Shoot meristem tissues of alfalfa, Medicago sativa L., were found by high performance liquid chromatography analyses to contain the uncommon polyamines, norspermidine and norspermine. The chemical structures of norspermidine and norspermine, purified from alfalfa, were confirmed by comparison of mass spectra with those from authentic standards. The discovery of norspermidine and norspermine in alfalfa implicates the presence of at least two biosynthetic enzymes, a polyamine oxidase and a previously uncharacterized aminopropyltransferase.
Much research has implicated the naturally occurring diamine, putrescine,2 and the polyamines, spermidine and spermine, in processes controlling cellular growth in prokaryotes, higher animals, and plants. They are involved in numerous aspects of plant growth, developmental processes, and in the response of plants to specific abiotic stress stimuli especially at the level of the membrane (1, (20) (21) (22) . In microbial systems, polyamines have been shown to modulate membrane fusion, exhibit differential preferences for alignment of membrane phospholipids, and mediate preferential attachment or expulsion of membrane surface proteins (15) . These and other observations have important implications for protection by polyamines of the structural integrity and function of both prokaryotic and eukaryotic organisms susceptible to osmotic shock (14) .
Relatively little is known about the occurrence of other structurally related and uncommon polyamines such as norspermidine, norspermine, or the higher mol wt pentamines and hexamine. These uncommon polyamines were initially discovered in some thermophilic (6, 16) and halophilic (27) bacteria after growth in extreme environments. Subsequently, norspermidine and norspermine were identified in Bryophyta, ' lichens, certain fungi (10) , and eukaryotic algae (9), but not in Pteridophyta or in higher plants (10) .
The investigation of the distribution of the uncommon polyamines in biological systems is far from complete. Thus, during a study in our laboratory of the changing patterns of polyamine titers among related populations of drought tolerant and drought susceptible alfalfa in response to imposed stress conditions (17, 18) , attention was given to the identification of new polyamines apart from the more common putrescine, spermidine and spermine. In this communication, we report analytical and structural evidence for the occurrence of norspermidine and norspermine in alfalfa.
Analytical Analyses
Shoot meristem tissues of alfalfa, Medicago sativa L., were collected from plants grown in drought boxes (19) Quantities of purified, dansylated polyamines from plant samples were determined from areas of peaks derived from HPLC tracings, which were normalized by peak areas generated from authentic standards of dansylated norspermidine or norspermine, respectively. The alfalfa populations were previously selected by phenotypic recurrent selection for increasing productivity under conditions of limiting moisture (5), and represent the original, unselected cv Mesilla (Mesilla-0) and the three subsequent cycles of selection (Mesilla-1, -2, and -3, respectively). The plants were grown in drought boxes with limited irrigation water as described by others (19) . Each 
RESULTS
Analyses were performed by HPLC of dansylated derivatives ofthe polyamine fraction obtained after cation exchange chromatography of TCA extracts from alfalfa shoot meristem tissues. These fractions revealed unidentified polyamine-like components in addition to the common polyamines, spermidine and spermine (Fig. 1) . Dansylated, authentic spermidine and spermine exhibited retention times of 11.38 and 35.63 min, respectively (Fig. ID) , at 20°C. Unidentified dansylated components were detected in alfalfa meristem tissues with retention times of 10.59, 13.72, 19.12, 21.64 and 33.25 min (Fig. IA) . Retention times for dansylated standards of monoacetylated putrescine, monoacetylated spermidine, monoacetylated spermine, tyramine and tryptamine did not coincide with the retention times of the unidentified components (profiles not shown). However, dansylated derivatives of authentic norspermidine and norspermine exhibited retention times of 10.58 and 33.18 min, respectively (Fig. IC) , which were nearly identical to retention times for two unidentified components observed from different alfalfa plant samples (Fig. 1, A and B) .
Structural evidence for the occurrence of norspermidine and norspermine in alfalfa was obtained by MS. Quantities of each respective polyamine were purified by paper electrophoresis from eluants collected after cation exchange chromatography. TFA derivatives were prepared for the purified alfalfa polyamines and authentic standards of norspermidine and norspermine. The compound which demonstrated a retention time of 10.59 min by HPLC as a dansylated derivative (Fig. IA) , gave a mass spectrum ( Fig. 2A) which was identical to standard norspermidine (Fig. 2B) . Similarly, the compound whose dansylated derivative showed a retention time of 33.25 min by HPLC (Fig. lA) , yielded a mass spectrum (Fig. 3A) identical to standard norspermine (Fig. 3B) . The mass spectra of TFA-derivatized spermine and spermidine standards were also compared with the alfalfa components of interest, and they were clearly different (spectra not shown). Figure 1B , for example, contained spermidine and norspermine, but not putrescine or spermine. In contrast, the sample profile shown in Figure IA contained norspermidine and norspermine, but not the other common polyamines. Possible reasons for this variability are being investigated ( 17, 18) .
DISCUSSION
The detection ofthe uncommon polyamines norspermidine and norspermine in a higher plant such as alfalfa, as presented in this paper, is unprecedented (10) . Earlier identification of these polyamines has been restricted to bacteria that thrive in extreme environments, certain fungi, eukaryotic algae, lichens and mosses. Numerous studies have reported the wide distribution of the common polyamines, putrescine, spermidine and spermine, among higher plants, Also, the uncommon triamine, sym-homospermidine, has been found in higher plants including sandalwood (13), water hyacinth (26), Heliotropium (3) and grass pea (24) . Thus, the current finding of norspermidine and norspermine in alfalfa extends knowledge concerning the variety of triamines and tetramines that can be synthesized by higher plants.
This finding has important implications for future investigation ofpolyamines and their biosynthetic enzymes in higher plants. First, the occurrence of norspermidine and norspermine in alfalfa implicates a previously unrecognized biosynthetic pathway in higher plants. These reactions could proceed through successive additions of an aminopropyl moiety from decarboxylated S-adenosylmethionine by the action of an aminopropyltransferase enzyme, beginning with the precursor 1,3-diaminopropane, as proposed for thermophilic bacteria (7) . We speculate that a nonspecific aminopropyltransferase may exist in alfalfa that catalyzes elongation of 1,3-diaminopropane to norspermidine, and norspermidine to norspermine. Such an aminopropyltransferase with broad specificity has recently been isolated from an extreme acidothermophilic archaebacterium (4) .
Second, the occurrence of norspermidine and norspermine in alfalfa implicates the existence of a polyamine oxidase in this dicotyledonous plant. The sole known origin of 1,3-diaminopropane in plant metabolism is from oxidative cleavage of spermidine or spermine through the action of polyamine oxidase (20, 23) . 1,3-Diaminopropane is the essential precursor for biosynthesis of norspermidine and norspermine (10) . Polyamine oxidases demonstrate specificity for spermidine and spermine, and they occur throughout the Gramineae in cereals such as barley, oats and maize (20, 23) , and in other monocots such as water hyacinth (28) . Its existence has also been implicated in Helianthus tuberosus (2) through the detection of 1,3-diaminopropane. A possible role for this enzyme in higher plants may be to generate the precursor, 1,3-
